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[57] Abstract: 

PROBLEM TO BE SOLVED: To inexpensively obtain t-tryptophan in a high efficiency. 
SOLUTION: The objective L-tryptophan is successively generated in a reacting 
solution with keeping pH of the reacting solution at 9-10 and controlling a 
concentration of generated L- serine in the reacting solution to <50mM in 
generating L-tryptophan from glycine, formaldehyde and indole in the co- presence 
of a microorganism fungus containing serine hydroxymethyl transferase or its 
treated substance and a microorganism fungus containing tryptophan synthase or 
tryptophanase or its treated substance. 
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1 1 1 1 1 



DtfOO 



(7DWHA 



J«Cl*=f «fflEyiWrt=TB 5 # 2 ^ 
(72)«E# SdJ »^ 

mmmm « at 

^«»ws«iw^ft"r^* 8 re 3 # i n 

(72)SH&& *A 
(74)fWA #«± fi»Jll m 



(54) WW<D«»] L-hU^b77>OKlJ* 
(57) [£*)] 

[fliJSJ -fey ^fc Pn*So< fvuh £ 

ft KStW > P— L-h^h7r 
Ltf><5K&U ££&*tf>pH&9~l 0-ICJtftU R 
£«*<D£j£ L — fe: y 5 0 mKmTfciWW 

a* e> l - h y 7 h 7 r > «rsisw+ icwtt&fc&ii* t 



(M&K2] RftSS1>«)pHSr9'-l OttNMU R 
[000 1] 

[0 0 0 21 

fcixT^* (4H¥5-7 9 3 1 K 4#|S!¥l-5l0 
9 3^) e t^U^^t >> L — fe y VliJtftWSffl-C*) 

if^^-c^y ^yt*M7A^t k*»6l— ty V 

LRje-f 6*ft^ffi3B$HXt^ (#BBBg6 2-5 o 2 

934) 0 

[0003] L^L^^6±I20^&Trt:, RJS&2& 
[0 0 0 4] 

r y 7 h77 ^«5SI6TW:X«WJC*nPJ/i:*«fettaMR$ 
[0 0 0 5] 

£>&H4&,>: K y ^ h 7 7- tfXtt b y ^ r 7 7 



- hy:/h7 7^*M^fc»*fc< L-H/h^r 
[0 0 0 6] "f^fr^ *38Mtt-ty >t Ko^rv/^f 

^yv'y, TtvuAT/Vxfc K&lM^K— v^bL- h 

yy h7r^i)Sf Rit^^^L- hy^h^ 

[0007] «BBfc#»fcRW+5. 

ic^ v> e>*x* h y ^ h 7 7 

V)b LTtt>f y K-vU £ L — fc y L-bV7h7 

£H5t><o-etefc<, wx.\z. 3is/*y t7 • =y k- 

1 2 (ATCC 2 7 3 2 5) „ ^i^* !/t7«3'J K 
-12 YK200 4 (FERMBP- 1 7 3 2) % :r- 
->i!jt:7'3)J K-12 YK2 009 (FERM 
B P - 3 2 4 4 ) % *f*V7* - Xyf- y X (Henner, D. 
J. etal. (1984) Gene, vol. 34, 169-177) 
^rU!)^'7n77^^A (Matsui etal. (198 
6) Agric. Biol. Chem.,Vol. 51, 823—828) % IJ-rtHE- 
*7 • 3*7 A y A (Kawasaki, H. st al. (1987) J. B 
iol. Chen. , Vol. 267, 10678—10683) , /^A** • ^ 
770^7^7^ 1F01 3 7 3 7, 7*H^/^ 
r!)!)A«77^AMJ-2 3 3 (FERM BP-1 

— -4-9-7-) — «is#rf-f>*t5-,-»*u<r4, ^->^y t7 

•=y K-12 YK2009 (FERM BP~3 

2 4 4) itmi bixZo 

[0008] h y^h77t- tf«r*#-rs*± 
^^urii, ^ y K-^t l— ty >-^e>L- hy^h 

^$^t>^T^<, xi/ x yt7 • =r y K 

-12 (ATCC 2 7 3 2 5) , xi/^y t7'3jj 
ATCC25019, ^->a: ytT-=3y IF033 
OK xv/xDt7-3D K-12 YK300 2 
(FERM BP-1 7 3 3) , ^>x. }) MT • = U 
K-12 YK3003 (FERM BP-173 
4) % tT • =»y K-12 YK3 00 5 

(FERM BP-1 7 3 6) % i/yW^f!)^ 
•f- : e7>f7A (Suzuki, S. etal. (1988) J. Gen. 
Microbial. 134. 2353) m&mfhtl*. £F£L<tt. 
xi/iijk7'3!) K-12 YK300 5 (FER 
M B P- 1 7 3 6) itmf 
[0009] ^^(-, tl)ytKD^»f;^7V^ 

X'>x!)k7'3D K-12 (ATCC2 7 3 2 
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5) , ]) 1:7 • ^ V MT- 1 0 3 5 0 (FE 

RM P-7 4 3 7, FERM BP-7 9 3) , 
xUT^y MT- 1 0 3 5 1 (FERM P-7 
438, FERM BP-794),^*^*Ptf£ 
A • ? ^"o 7$ 7 A (Hyphomicrobium methylobomm) GM 

2 (#Bf!¥6- 1 8 1 7 7 6) % /M'/fc^n tT£A • 
S P (Hyphomicrobium SP) (FERM-P 2 2 3 6) % " 
=3 U y- )) $ J* ' ?}) is / y J y £> (Corynebacteri 
um glycinophilum) ATCC21341. a!)^^ 
r!) • ^!)*>y7^7A (Corynebacterium glycino 
philum) AJ3414 (FERM P- 1 6 8 7) , 

=i V 7- y £ A • ^!)v'y7^7A (Corynebacteri 

ua glycinophilum) A J 1 2 4 0 1 (FERM P- 

1 1 6 0 6) , y^tr^Tr D £A • 7?V<A(Breviba 
cterium flavum) MJ-2 3 3 (FERM BP-1 

497) m>m?t>fr* 0 $f*u<i^ ^utr^^xy 

#A • yy/<J* (Brevibacterium flavum) M J - 2 3 

3 (FERM BP- 1 4 9 7) frmibftZo 

K-TSilfe^Sr^^a: y t7 • y K— 1 

2 (ATCC27325) . ^U^^7 ^A-77 
✓<AMJ-233 (FERM BP- 1 4 9 7) 

jVTs • -^tvI"* (Chang, S. and Cohen, S. N. Molec. 
Gen. Genet., 168, 111 (1979)) ^<T>Wfc\^1&&Z.KM£- 
»ai^ffl-C#S (ffl¥2-4 2 9 9 4, ft 
B8¥6 - 1 8 1 7 7 6 30 0 
[0 0 10] -fey >-t KD^^f^h7^7x7- 

-e, hy7-^77^^-^ fcs^tt. hy^h^ 

ffprirma. «*«tUTtt, MiLlf^a- 

/ytD-^ 77^ h— * p— * N mi 
R»#* *Lra*jBtturtt, mtfr^-r, 

r$T>^~£A v &ft;TV*-~?A, 

aafcu-twu flixtfy y yv&- 

.jtciRi&yfrA, fi&&^;r>>*A^s/8^ibft* 0 :<o 

[ooii] ®mn, a*, aa«tt* m«4>#fttt 
*#Tfc, #*^r*-ttic2 ot;-5 ot:ota£rff 

5wfc#T££o *t*i£*cDprm5-l 0. $f*L< 

ri7-8^ifiii-^rt^-et, HPiSteS* 

-10% (w/v) , M(C$f £L<fc£2-5% (w/ 

v) -c*>* 0 mmmm&m%fa5mm*m5 am 

[0 0 12] **M^>*ttW:. ±B<o*D<i§*LT#fc 



[0 0 1 3] t>>< LTft&ft&t t!)yt Ko 

to. *5«tTjc, hy^h77>v>*-i?*fcf*M:/h 

*4>V—A'k?y ^v:fc«fctf*/uAT/i>r t K*:£W 

[0014] ^y ^><Dfcj&m*<DM8Lit. mcmmn 

ftV*# % #*L<tt, lmmol-lOraol-Cifci. 
#r*L<fi, lmmo 1 -1 Orno 1 "Cfcfco L- 

-ty vri^^^^^y ^>^<t^/uAT/i''7 r t ka» 
#s*u rkr^ol— tu^Mtt, «*o^y^ 

*>SVM*#A'A7>5 f fc K0>RSfe&V*frfe y Kb 
^f^h7^7x7 — «)#tR*OBI«»c J: 9 « • 

^(0»fli, 2 0mM-5 0mM, ^L<tt30mM 
-5 0mM, -Cfc*o R*S*^»i, *K"C*)6>r>K- 
/K ^y*>_>. 43j:TJS.-*y»<AX^7lk-KC>(lbtC,_L- 
hy^h7r^©4**«r**-5fc«)Jcbry K^r-y— 
y^ (PLP) > 7h7t KnJHk (THF) , 

v. mt-r h y t&hz^timt* y ^A^^irti: 

[0 0 15] ftjtK^: UX«, HttJCtt, Wl^f>n, 
f^KMlSCT h y h^X- 1 0 0 

SI) , 7>f->'2o (^y **i/ifu^y^^y* 

$r^P-r^^^r t>T§5o S^ffi^^pHli, 9-10 

[0 0 1 6] EJfflMEttl 0-5 st:, »^L<r±, 1 
U-h!)7-h77^ XMT£rtSR£'**::2: 

y 7* h7 7 ^^*Ml:OTJ:< ^i^Kit-r 6 ^ t fcT 

[0 0 17] #bhfcL-h!J7 e F77^«.^ 
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So 

[0 0 18] 

WcX9*fe^ftttlcKWi-S, L*»Lfc#fe, TE 
[0 0 19] mifoWl iry Kn*ioi?/uh?:/ 

- My f^r^^^iw^jt^, -try^«£<z>#» 

(1) T'i/Wf y £iw 7 J -2 3 363fe 

DNABr^O^n-^ffc 
(A) 7*U^f!J !7A • 77^AMJ- 2 3 30 

^VbT/^-r y • 77/UMJ - 2 3 3 (FERM BP-1 
497) £, *#*»*T^5A#» :^2g, 

(NH 4 ) 2 S0 4 7 g, K 2 HP0 4 0. 5g, K 
H 2 P0 4 0. 5g, MgS0 4 0. 5g, FeSO 
4 • 7H 2 O 6mg,MnS0 4 -4-6H 2 0 6 
m g , m&=c-*X2. 5g, #+F^ y^5g, tr*?^ 
2 0 0 a g, IS!fr^2 0 0|ig> ^3-^ 2 0 

g«r««^*»ur i y * b^£i-*] i y y 

[0 0 2 0] #e>ftfc£#&y Omg/ol <D 

«W DBA : 10mM NaCK 2 0 
jraM_b y **S£ri£ (pH8. 0) , 1 raM EDTA 

• 2Na] 1 5m 1 irfiHBLfc,, Wffil^nrt- 
-£K£l 0 0n-g/ml«>*IWI*-Ct6ADU, wix£3 7t: 

-ei^-rv^^-^-huyto k^/h**-*- h 

12^-C2 0^K, 5, 0 0 0 x g U 
*<D±i»W#fc»*Lfc. tt±»B»«lci»^ h y * 

Ali, mm l*B& : l OmM hVx&W®. (pH7. 
5) , 1 mM EDTA • 2Na] 5ml £flP.;LT4t: 

[00 2 1] (B) -fe y >fc Ko^r^f/H^7^7 
x 7 —t?ae**r£tf D N A Br M-coMI 

±e (a) ^-esiKLfcyu^^^y *a • 77/<a 

Oftfe#DNA2 5jig<r, fcJfgg*$E c o R I 5 0 
uni tt37ttl B*rafiJS£«fcT£Htf U &fe#D 
NA^EcoRI^OTUfc. Z<DfMWK& 



IC, T'7 7,^ KpUCl 1 8 (±fi&SD 1 
SlEcoRl * 3 7fc-Cl^BBRJ6*-ti:r»fcjW!?* 

«ffi«rfi^ u rttic*n^n*i»»*^ 5 o mM h y 

<pH7. 6), lOnM^K h 
A% ImM ATP, lOmM MgCl 2 , *3«tt/ 
T4DNA^- fcf 1 unit £ ft* J: 5 
£PU 1 6tTCl 5*IBSJS**T % DNASMKttfctt 

[0 0 2 2] ftfc;ftfc»tt£Jfl^T#8: [H. Handel, 
A. Higa ; J. Hoi. Biol., 53, 159 (1970) £J&] 

AT2457 (glyA) [fWMZ&ffi^E 1-11 

?RiR#'& : ME 5 3 6 2 £ Ltfitf $ tlT^J •) „ ^irV 

STT^f v-y ^Sr5 0 Mg/ml^tf^^ife [Iflfifc ; K 2 
HP0 4 7g,KH 2 P0 4 2 g, (NH 4 ) 2 S 
0 4 1 g, Mg S0 4 • 7H 2 O 0. 1 g, 

2 g , *3 xxmx 1 6 g £XB*£jg# lt i y y 
rvtvy 5 o/*g/mi^-t-£LJ& 

4t:-ei o^ra8, o o ox g<D&b&mct>>nxmft 

£IsJiiXLfc 0 [Hli|XLfc®^^^T/^y-SDSfe [T. 
Maniatis, E. F. Fritsch, J. Sambrook, Molecular 
cloning, p. 90-91 (1982) #88] K&lfc 
WLfc. K«rMBW*EcoRI-C9J«frL, 

6, KpUCl 18 (OEcoR I 

10 0 231 l!S^t$iKl3. 8 k b<0*fADNABr 
fr*T#o.-*y/W*J:5@lRU £ 6 WHIRS* B a 
mH I ^IWSma I tTtollt :^|?fe|§ 
7^7^^; KpUCl 19 (£igif») £ffllSI*i& 
B a mH I t®m&m S m a I t LTftltftM® 
mm&i&G-l,. pH7. 6-C lOmMW^^b 
—/V, ImM ATP, 1 OmM MgCl 2 ^ 
Tx T4DNA!;^-fia?)DNA^^$t 

[0024] &btt&&DKAm&*m*x%mz.& 

or, KNE^y ^>5*tt*WM«xvx y t r • 
ryei/yy^50/i g/ni$tf ffiEg8W&£&&E t 
»*"C5 0jig/Bi^*i-5L«Jfl [hy^hvi og, 

Wx^Sg, ttfc^h y ^A5g*SiWIXl 6 g 

3 7t:T7e*jHjJ&*|Lfco ^H?S$:4t:Ti 0 5^ra, 
8,0 0 0 x g(038^»»cT»#«:®iSUfc. 
[00 2 5] Gsltt Lfeflr#d»&MEOT7U^ y-SDS 
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m^X*)??** KSrttfflU K^*^ K*rffJR6t£ 
BamHI tSma I fCtyWrL. *:<OtyW\%iK*T X 

B-xy/um&frmz&^itbz^ Kpuc 

1 1 90BamH I -Sraa 1 WtUZ*%£m2. Ik 
5 KSrpUC 1 1 9-M J g 1 yAMLt 

[0026] (o ^^■^ttfcMaaft^ote 

±12 (B) 3l-cgiKLfc^7^5 K**«r«V^T(IWB^ 

5 7£*fflE*Lfc£;:5, ttl 0 5 Mft/ji gDNA 

0, ±B (B) ^mt/^^^^ KpUC 1 1 9- 
MJglyA^$^2. 1 k b<OBamHI-Sm 
a I DNAlrfrJittD^t KP^rWf/Wb?^ 

[0 0 2 7] (D) t!)yt Ko^^f^h7^7 
±iB**«10 (C) JSTiry^t Kn#^f^F7 

2. Ik b<ODNAWf«"<olMHa^I*TSB«>»^J: 9 
ftJEU w<0DNAHfffr±lc#fti-6«fey Ko^> 

[00 2 8] *££jfa2. lkb^ONASr^H 
A 1 &ftJHS*l&S a u 3 A I £ffi^T3 7tTl~5^ 
TOlLTDNA^$rS5M»tt *p-xl 
fc-_p U.C.l..l-8_(^S5B»)-Sr.»JI»»»B a 
mH I "Cflilfc. »fe;ftfc^**-DNAWtt*«# 

5 0 mM h y X»»S£ (pH7. 6) , 1 OmM 
IfflM ATP, lOmM Mg 
Cl 2 , j3i0tT4DNA!J Xf-r- tfl un i t tt£* 
*9£4Mt#frWt)DU ^^-DNABffrirSMMMK 
DNA»f^i:^^fc 0 

[00 2 9] ±B£imtK:*&£ft2. lkbODNA 
Hf^rSac 1 4 /i I £r$J!R6l£T a q I 5 0 u n i t b 
5-8 #fflRJS£*T«#$M»D NA^^iflfc, 
^ o-=^^-pUC 1 1 8 *ft)IBg*flt A c c I 
T«»Lfc«* iJlfc±IBfcl3WcLTtt##*DNA 

[0 0 3 0] ^bflfcT*?*^ K*«*:fflv\ Q. 
Mol. Biol., 53, 159(1970)#JR] \C &. *) :x «>x p fc 
T • a y J M 1 0 9ft TV 
^*>y >£5 0 p g£frtti2<OL#iftfcfc»Lfc. ±E 

3$"^" KMHRfis [dideoxy chain termination method, S 



anger, F. et al. , Proc. Natl. Acad. Sci. USA, 7 
4, 5463(1977) *JB] KJ^ftSLfc. 

[00 3 1] ftfcttlctt. ±f2ig#& «fc 9 mm Vit^y 
*S KDNA^-^y • -x^Hta*^ y * K8 0 

ALYST 800 Moleculer Biology Labostation ; Prkin-El 
raer)^ffiV>T^a h^-;HCtV^^«i, 
^. x;k7-ttB3 7 3 A DN >1h- lw<fc 

!?#^co^7^^ K^ffADNAWtfOiiSM&Jfcfcfc 

h (INHERIT) SrffiV^TtfV\ X#£J&2. lkbCODN 

[0 03 2]^ Lit&mmw^n*-7> y —tV 

3l)(Dgl yAfc^fc<D*Htt©Jt|fcte.fc9, 

£^ • 77/^AMJ -2 3 30glyA 

di#t5 5 6-i 8 5 7) vh*zb&*m 

[0 03 3] (E) tJIVtKo^f/l/h7^7 

±12 (B) ^TSSStfcy^^^ KpUC 1 1 9-MJ 
g 1 yA£, m$$BamH ItSma I "C«WrU 

1 k b^DNABrtf^Gene Clean II C7-*-3f 
$2) SrfflV>ramL^o #?>HfcDNA»r>4-«r, DNA 
-.-B.l-u-n-t-i-n.-g- -K-i-t- (£fl-&M)~feJ8tvtm 
«fl*ILfc«, f&J&SftSSma ITWLftH^ 
^^-pKK223-3 (77^^rtD bT 4 DN 
AU*— V\Z£*>m&£lttt. »&nfe»*DNA«* 

Srfflv^T^ifelc^oT^^y tr • 3 y jmi o 9ft 

[0 0 3 4] ±IE«PJ6^4WLfcM««:*«fenav^««: 

U KT^S K&f&IISBM&BamH IfcitfP s t I 

fcLtitZZ. 7*7 ^^KpKK223-3 <T>1fa 4 . 6 
k bO^?*-*^ »S2. lbpOKttDNAISfr 

tl)ytKn^^^h7^7i7-^t- 
^D-f^y/7 l/-A^pKK2 23-30tac 
7 p *- ^ - fsj c * A t ft -6 J: 5 * c A ^ Jx T v ^ ^ r 
bWM&Zhlt. -tr-C, K<rpKK2 2 3 

-3-MJgl yAtA* t^o nbtitL^y^^ Kp 
KK 223-3 -MJgly A^fS^r, tftl^otx 

^y tr • a y K-i2tt (atcc2 7 3 2 5) 
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U K«T*»**BamH I43it;p s t I 

*T?«WLfc. *fl5H«S*#tt, p K K 2 2 

3-3-MJgl yAt«#t6: * 

r-c, sMU&fcs^xy tr • ay K-12 shi 

[0035] (2) iry >fc Ko^r^f/Wh7^7 

MTPM m& ; K 2 HP0 4 7 g. KH 2 P0 4 
2g, (NH 4 ) 2 S0 4 lg,MgS0 4 *7H 

2 o o. i g, TT-^&m& somg, mn^* 

* lg. bvyh> ig, ^a-^ i. og, 

1U pH7. 2] 50mlfe.5 0 0ml* = 
ft-75^a4*lC»ftU 12 0tl?15^BJWfei 

l,lzi><mzm/* ]) tr • a y K-12 SHI 0 0 
ltfrErttttU 3 7tl:tl 9^ir 5«*«, I^WfcL 
TW»UfcMTP»«ll . 0 L£#£L*:5 L^H£j7 
?*al5*ic, lOmlOVtKtrffiiU 3 7 tic 

SWW^K^T^ OOmgWPLt 

[0 0 3 6] (3) h V -7 h77^>^- 

MTP^i DBA ; K 2 HP0 4 7 g. KH 2 P0 4 
2g> (NH 4 ) 2 S0 4 lg,MgS0 4 -7H 

2 o o. i g> Tr^yiSfi somg, &m=* 

* hy/bv i gv ^n-^ i. og, 

-MMl — 1-L — p-H 7-._2-]-5-0 m-l-^5-0 0 m-l-^l- 

Ufct)Wi:xi/iytr '^y K-12 YK200 
9 (FERM BP-3 2 4 4) MffiiU 3 7^1^ 
"CI BS£5«Fil«L l3«lCLTSS§¥LfcMTPJgi& 
1. 0 L£#£Lfc5 L^77^n 1 5mc % 10 

m I QJHHMrMU 3 7 < CHT 1 2 ftm&t 

(mM) 
1 0 
20 
3 0 
5 0 
7 0 
1 00 

[0 0 3 9] ^IC. L-t!)yiS3 0mMT?^Lfc 
££l&7«5 0 0ml tCNa OHTK^fS^^TpH 1 

6. 5g^t 



-2 0^2BIUJ*ilSL«#aL J^TOHifc 

[0037] (4)L-Sy7 fl h7r 
IS16MKD (1) (2) t«BLfexS/xyt7 

•ay K-12 SHlOOKO^IftlOOgiS 
J:t5^^s9 tT • a y K-12 YK2 009 (F 
ERM BP-3 2 4 4) 8cO#fif«#:<0 1 OOg^ 
^>K— /V 0. lg, ^yw 7. 5g, ^!) 
y (^7^7 1 Ktt 37%) 1. 6g, PLP 
lOOmg, THF 1. Og, NaCl 2. 3g 
^ttSS^SOOml (pH9. 5IC2 5%TV 

*~Tvmm) \z&mLtz'&, ±ft<npmz*v 1 o o 

0mli:ISlfc o *!S®iff$r^n^ix3 L^-7r 

v*~r-e9. sicmufc. frfomty<r»<>Y 

SSI) &m^X*-9—\*tii&t>>( >Y-fl'<Dm9L&2m 

ljm* e>m i *i;:^i-**i*EcD»jeL — t y 

I^M5:^i< ty ^ll*Sr«r5J:5(c^y 

etui, s^r^L-hy7'h77^, Rjett* 

liftftlLfc^y (mo l%) £Sf$l& 

[0 0 3 8] 
[&1] 



h y :/ h 7 r y s^tt* 
(%) 

9 5 
9 6 
9 5 
9 5 
8 5 
8 0 

[0 0 4 0| HW2 t'jytKD^f/H>7^ 

e*5<£tf h y 7*h7rt- ^tc<t5L - h y 
(i) M;7'h77t- -e**r*<o»M 

^ifcmco (3) t^fiitcur^^^y tr • ay k 

-12 YK3005 (FERM B P - 1 7 3 6 ) & 
£J££U!:SL »*6»««rfflv>t*#*lH]ftL, -2 0 
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[00 4 1J (2) L — \ x )~7Y7y V%£$JpJ& 

%im\v> <2) &£T*ni&m2<o <n x-m®Lit* 

i/xur-ny K-12 sh i o o i<omi&mft 

100 g&XTf^is*}) tT'^y K-12YK30 
0 5 (FERM BP- 1 7 3 6) &<D$l1£m#<0 1 0 
0 g -f^ K— 0. lg, ^'J^ 7, 5g, 

y y (*>\,J±TJ\^f\i K^S3 7%) 1. 6 
g, PLP lOOmg, THF 1. Og, KC 1 
3. 8g^tt5M5 0 0ml (pH9. 5 \Z 2 

■Cl 0 0 0m I iCiiSUfcc *»»M*r«l«x3 

t-7r->^- o*>f :/>m±§« ictta*. 3 0<t 

f&2£ 

»t:»t»OL-tyyia: L- 

(mM) 
10 

2 0 

3 0 
5 0 
7 0 

10 0 

[0 0 4 3] L— fey ^»*3 OmM-CKflJLfcRJC* 
T^500ml|CNa OH*»i* «r*P*.T pHl 0 L 

^S.K-_13 > _Z^>ftJ^)-©j^_A.$rii LXX- h 

yt»i$£iUL- hy^h^rv^i&i 6. 7 

tO 0 4 4] 

***<D*Be#ttlc J: 9 , L - h y ^ h 

[0 0 4 5] 
1 

£?IJ<0££ : 2 1 0 4 

GGATCCCGOG ACACCAATGA CAAACGGCAC 
TTCGGTGCCT GCGGTAAGTT GCTGTCGGGC 
CGGAAGGTAG ACTTCTGCCA CTTCAGCGAG 
AATGACTTCT TTTTGGGTCA GCACCTGAGG 
GCGGTCGAAA TCAAGGTAGG GGCTGAAATC 
TGTGCTTGCA GCGTTTTGCT CTGCCATGAA 
GTGATCGGGG TTATTTTTTC ACTTCAATGG 
CTCATGCGCG CGAAAOGATG GAAGTGAACC 
ATGCTTGTGC GCGTACCTGT CCCGCGAGTG 
AGGTTAGCTG ACCTC ATG ACC GAT GCC 

Met Thr Asp Ala 



9— b £ 2 m^-t4rn&&<Dftfe L — fe 

gfcWfcg&DU ^ti IT2 2. SgO^y^^^^D 
D7^77^ (A»»f£@f») &JI3^T*-*- 

U L- hV7h7 7><Dtt?V is>&®&&ito1z1&%: 
££2^ic^-f 0 
[0 0 4 2] 
UB2] 

b y y b 7 r y<Dtt? y > 
(%) 

9 5 
9 6 

9 5. 
9 5 
8 5 
8 0 

«0» : -*« 

h#ni>- : 

£#Jtf>*18-: Genomic-DNA 

:^^Wf!l^' 7ys<J* (Brevibacteri 
urn flavum) 

: M J - 2 3 3 

: CDS 
: 5 5 6-1857 

[0 0 4 6] 



AGAGGTGGAG GGGGAAGTTC CGAGGAAGGT 60 

CGCTACCTGG AGGTGAATCA GACGGGACAG 120 

GTCAATGTTT TCTCCGATGC CTCGAAGTTC 180 

CATTGAGTTT CTCAGCTOGC GCCATTGTGC 240 

TGGTGTGCGT GGGGAAGGTT TCACACCAGT 300 

TCCATTGTGC ACCTTAGCTA CTCCATTAGT 360 

GTGGCTAAAA GACGTGGGCA CGTGAGTAAA 420 

CATACTTTTA TATATGGGTA TCGGCGGTCT 480 

AGGTCTTACG CGCGGGATTC GTCTTGTGAA 540 

CAC CAA GCG GAC GAT GTC CGT TAC 591 
His Gin Ala Asp Asp Val Arg Tyr 
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BEST AVAILABLE CGP7 



CAG CCA 
Gin Pro 

GAA CTT 
Glu Leu 
30 

TTC GTT 
Phe Val 
45 
AAG TAT 
Lys Tyr 

CAA GTT 
Gin Val 

TTC GGT 
Phe Gly 

AAT GCT 
Asn Ala 
110 
GGT CTG 
Gly Leu 
125 

AAC TTC 
Asn Phe 

GAG ACC 
Glu Thr 

GAG CAG 
Glu Gin 

CTT GAT 
Leu Asp 
190 
CTG TGG 
Leu Trp 
205 

CAC CCA 
His Pro 



CTG AAC 
Leu Asn 

15 
GCC CGT 
Ala Arg 

CCC CGT 
Pro Arg 

GCC GAG 
Ala Glu 

GAC ATC 
Asp lie 
80 

GCA GAG 
Ala Glu 
95 

GCT GTG 
Ala Val 

TCT TTG 
Ser Leu 

TCC GGA 
Ser Gly 



1 

GAG CTT 
Glu Leu 

CAA CGC 
Gin Arg 

TCT GTT 
Ser Val 
50 

GGT TAC 
Gly Tyr 
65 

ATT GAG 
He Glu 

TTC GCC 
Phe Ala 

CTG ATG 
Leu Met 

GCT CAT 
Ala His 
130 
AAG CTG 
Lys Leu 
.145 



GAA CCT 
Glu Pro 
20 

GAT ACA 
Asp Thr 

35 
TTG CAG 
Leu Gin 

CCT GGC 
Pro Gly 

GAT CTT 
Asp Leu 

AAT GTT 
Asn Val 
100 
ACT TTG 
Thr Leu 
115 

GGT GGT 
Gly Gly 

TAC GAG 
Tyr Glu 



GAG GTG GCT 
Glu Val Ala 

TTA GAG ATG 
Leu Glu Met 

GCG CAG GGT 
Ala Gin Gly 
55 

CGC CGT TAC 
Arg Arg Tyr 
70 

GCA CGT GAT 
Ala Arg Asp 
85 

CAG CCT CAC 
Gin Pro His 

GCT GAG CCA 
Ala Glu Pro 

CAC TTG ACC 
His Leu Thr 
135 

GTT GTT GCG 
Val Val Ala 

150 



GCT GCC 
Ala Ala 
25 

ATC GCG 
lie Ala 
40 
TCT GTT 
Ser Val 

TAC GGT 
Tyr Gly 

CGT GCG 
Arg Ala 

TCC GGC 
Ser Gly 
105 
GGC GAC 
Gly Asp 
120 

CAC GGA 
His Gly 

TAC GGT 
Tyr Gly 



10 

ATC GCT GGG 639 
lie Ala Gly 

TCT GAG AAC 687 
Ser Glu Asn 

CTT ACC AAT 735 
Leu Thr Asn 
60 

GGT TGC GAA 783 
Gly Cys Glu 
75 

AAG GCT CTC 831 
Lys Ala Leu 
90 

GCG CAG GCT 879 
Ala Gin Ala 

AAG ATC ATG 927 
Lys lie Met 

ATG AAG TTG 975 
Met Lys Leu 
140 

GTT GAT CCT 1023 
Val Asp Pro 

155 



ATG CGT 
Met Arg 
160 
CCA AAG 
Pro Lys 
175 

TTC GAG 
Phe Glu 

GTC GAT 
Val Asp 

AGC CCA 
Ser Pro 



GTT GAT 
Val Asp 

GTA ATT 
Val lie 

GCT TTC 
Ala Phe 

ATG GCT 
Met Ala 
210 
GTT CCT 
Val Pro 
225 

GGA CCT 
Gly Pro 



AAG ACT TTG GGT 
Lys Thr Leu Gly 
240 

TAC GCG AAG AAG CTG AAC 
Tyr Ala Lys Lys Leu Asn 
255 

CCT TTG ATG CAC GCA GTT 



ATG GAT 
Met Asp 

ATC GCT 
lie Ala 
180 
CAG TCT 
Gin Ser 
195 

CAC TTC 
His Phe 

TAC TCT 
Tyr Ser 

CGT TCC 
Arg Ser 



CAG GTT CGT 
Gin Val Arg 
165 

GGC TGG TCT 
Gly Trp Ser 

ATT GCT GCG 
lie Ala Ala 

GCT GGT CTT 
Ala Gly Leu 
215 

GAT GTT GTT 
Asp Val Val 

230 
GGC ATC ATT 
Gly He He 
245 

GTA TTC CCA 
Val Phe Pro 



GAG ATT 
Glu lie 

GCA TAC 
Ala Tyr 
185 
GAA GTT 
Glu Val 
200 

GTT GCT 
Val Ala 

TCT TCC 
Ser Ser 

CTG GCT 
Leu Ala 



TCT TCC 
Ser Ser 
260 

GCT GCG AAG GCT ACT 



GCT CTG AAG 
Ala Leu Lys 
170 

CCT CGC CAC 
Pro Arg His 

GGC GCG AAG 
Gly Ala Lys 

GCT GGT TTG 
Ala Gly Leu 
220 

ACT GTC CAC 
Thr Val His 

235 
AAG CAG GAG 
Lys Gin Glu 
250 

CAG GGT GGT 
Gin Gly Gly 



1071 



1119 



1167 



1215 



1263 



1311 



1359 



GGT CAG 
Gly Gin 
265 

TCT TTG AAG ATT GCT 1407 
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BEST AVAILABLE COPY 



Pro Leu Met His Ala Val Ala Ala Lys Ala Thr Ser Leu Lys He Ala 

270 275 280 

GGC AAT GAG CAG TTC CGT GAC CGT CAG GCT CGC ACG TTG GAG GGT GCT 1455 
Gly Asn Glu Gin Phe Arg Asp Arg Gin Ala Arg Thr Leu Glu Gly Ala 
285 290 295 300 

CGC ATT CTT GCC GAG CGT CTG ACT GCT TCT GAT GCG AAG GCC GCT GGC 1503 
Arg lie Leu Ala Glu Arg Leu Thr Ala Ser Asp Ala Lys Ala Ala Gly 

305 310 315 

GTG GAT GTC TTG ACC GGT GGC ACT GAT GTG CAC TTG GTT TTG GCT GAT 1551 
Val Asp Val Leu Thr Gly Gly Thr Asp Val His Leu Val Leu Ala Asp 

320 325 330 

CTG CGT AAC TCC CAG ATG GAT GGC CAA CAG GCG GAA GAT CTG CTG CAC 1599 
Leu Arg Asn Ser Gin Met Asp Gly Gin Gin Ala Glu Asp Leu Leu His 

335 340 345 

GAG GTT GGT ATC ACT GTG AAC CGT AAC GCG GTT CCT TTC GAT CCT CGT 1647 
Glu Val Gly He Thr Val Asn Arg Asn Ala Val Pro Phe Asp Pro Arg 

350 355 360 

CCA CCA ATG GTT ACT TCT GGT CTG CGT ATT GGT ACT CCT GCG CTG GCT 1695 
Pro Pro Met Val Thr Ser Gly Leu Arg He Gly Thr Pro Ala Leu Ala 
365 370 375 380 

ACC CGT GGT TTC GAT ATT CCT GCA TTC ACT GAG GTT GCA GAC ATC ATC 1743 
Thr Arg Gly Phe Asp lie Pro Ala Phe Thr Glu Val Ala Asp He He 

385 390 395 

GGT ACT GCT TTG GCT AAT GGT AAG TCC GCA GAC ATT GAG TCC CTG CGT 1791 
Gly Thr Ala Leu Ala Asn Gly Lys Ser Ala Asp lie Glu Ser Leu Arg 

400 405 410 

GGC CGT GTA GCA AAG CTT GCT GCA GAT TAC CCA CTG TAT GAG GGC TTG 1839 
_Gly_^Arg_Val_Ala_Lys_Leu_Ala-Ala Asp_Tyr_Pro_Leu_Tyr_Glu-Gly- Leu 

415 420 425 

GAA GAC TGG ACC ATC GTC TAAGCTTTTC TTTGAGTTTT CATATGTAGA 1887 
Glu Asp Trp Thr He Val 

430 434 
AGGCATCGTC GGCTTCGGCC TGGCGGTGCT TTTCTCGTTG TTTTGTGGTT TTGTCAGAGG 1947 
ATGTCATGCG CGTTTTAATT ATTGATAATT ATGATTCTTT CACGTTTAAT CTCGCCACCT 2007 
ATGTGGAAGA GGTTACGGGT CAGGCACCTG TGGTGGTGCC TAATGATCAA GAAATAGATG 2067 
AGACGCTTTT CGACGCCGTC ATCCTCTCAC CGGGCCC 2104 



(5i> int. ci. 6 rogue* frft&mw* fi &m&*mm 

C 1 2R 1:19) 
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